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Abstract of EP1 349202 

A semiconductor device provided with a silicon 
carbide semiconductor substrate (1), and an 
ohmic metal layer (2) joined to one surface of the 
silicon carbide semiconductor substrate (1) in an 
ohmic contact and composed of a metal material 
whose silicate formation free energy and carbide 
formation free energy respectively take negative 
values. The ohmic metal layer (2) is composed 
of, for example, a metal material such as 
molybdenum, titanium, chromium, manganese, 
zirconium, tantalum, or tungsten. 
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(54) Semiconductor device and method of manufacturing the same 



(57) A semiconductor device provided with a silicon 
carbide semiconductor substrate (1 ), and an ohmic met- 
al layer (2) joined to one surface of the silicon carbide 
semiconductor substrate (1) in an ohmic contact and 
composed of a metal material whose silicate formation 



free energy and carbide formation free energy respec- 
tively take negative values. The ohmic metal layer (2) is 
composed of, for example, a metal material such as mo- 
lybdenum, titanium, chromium, manganese, zirconium, 
tantalum, or tungsten. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 ] The present Invention relates to a semiconduc- 
tor device such as a Schottky barrier diode using a sili- 
con carbide semiconductor substrate and a method of 
manufacturing the same . 

Description of Related Art 

[0002] The configuration of a Schottky barrier diode 
using a silicon carbide (SiC) semiconductor substrate is 
as shown in Fig. 9 (e) . One surface of a SiC semicon- 
ductor substrate 100 is a silicon surface 110, and the 
other surface thereof is a carbon surface 1 20. A SiC epi- 
taxial layer 101 is formed on the side of the silicon sur- 
face 110. 

[0003] A titanium (Ti) metal layer 30, for example, is 
formed on the silicon surface 110, and a Schottky junc- 
tion is formed in an interface between the silicon surface 
110 and the Ti metal layer 30. Further, an Al surface 
electrode 50, for example, is formed on a surface of the 
Ti metal layer 30 in order to ensure good adhesion to a 
metal wire composed of aluminum (Al) or the like, for 
example, for making connection to an external elec- 
trode. 

[0004] On the other hand, a nickel (Ni) metal layer 20, 
for example, is formed on the carbon surface 120, and 
an ohmic junction is formed in an interface between the 
carbon surface 120 and the Ni metal layer 20. Further, 
in order to satisfactorily connect the Schottky barrier di- 
ode to an external substrate having copper (Cu) wiring, 
for example, a silver (Ag) reverse surface electrode 40, 
for example, is formed on a surface of the Ni metal layer 
20. 

[0005] In manufacturing the Schottky barrier diode, 
the Ni metal layer 20 is formed on the carbon surface 
1 20 of the SiC semiconductor substrate 1 00 having the 
epitaxial layer 1 01 on the side of the silicon surface 1 1 0 
(stepTI in Fig. 10). In order to form a good ohmic junc- 
tion in the interface between the carbon surface 1 20 and 
the Ni metal layer 20, the Ni metal layer 20 is heat-treat- 
ed at 1 000°C for twenty minutes (step T2) . 
[0006] As shown in Fig. 9 (b), the Ti metal layer 30 is 
formed on the silicon surface 110 of the SiC semicon- 
ductor substrate 100 (step T3 in Fig. 10). Thereafter, a 
resist 60 is applied to the surface of the TI metal layer 
30 to pattern the Ti metal layer 30 (step T4), as shown 
in Fig. 9 (c), afterwhich theTi metal layer 30 is subjected 
to etching processing (step T5 in Fig, 10). 
[0007] After the resist 60 is removed, theTi metal lay- 
er 30 is heat-treated at 400°C for twenty minutes, as 
shown in Fig. 9 (d), in order to form a good Schottky 
junction to the SiC semiconductor substrate 100 (step 
T6 in Fig. 10). Thereafter, the Al surface electrode 50 



and the Ag reverse surface electrode 40 are respective- 
ly formed on the surfaces of the TI metal layer 30 and 
the Ni metal layer 20 (step T7), thereby forming the 
Schottky barrier diode shown in Fig. 9 (e). 

s [0008] As described in the foregoing, the Ni metal lay- 
er 20 and the TI metal layer 30 are individually formed 
during manufacturing processes (steps T1 andT3), and 
are individually heat-treated (steps T2 and T6) . There- 
fore, the heat treatment must be carried out at least 

10 twice, thereby making it difficult to shorten the manufac- 
turing processes. 

[0009] Furthermore, the Ni metal layer 20 is used as 
an ohmic electrode. Unless the heat treatment is carried 
out at a high temperature of approximately 1000°C, as 

15 shown in the step T2 in Fig. 1 0, therefore, a good ohmic 
junction cannot be formed in the interface between the 
Ni metal layer 20 and the carbon surface 120 of the SiC 
semiconductor substrate 100. Therefore, the operating 
' characteristics of the Schottky barrier diode may be ad- 

20 versely affected by the heat treatment during the man- 
ufacturing processes, resulting in poor manufacturing 
yields. 

SUMMARY OF THE INVENTION 

25 

[0010] An object of the present invention is to provide 
a semiconductor device capable of shorteni ng manufac- 
turing processes and a method of manufacturing the 
same. 

30 [0011] Another object of the present invention is to 
provide a semiconductor device whose operating char- 
acteristics may not be adversely affected by a heattreat- 
ment during manufacturing processes and a method of 
manufacturing the same. 

35 [0012] A semiconductor device according to the 
present invention comprises a silicon carbide semicon- 
ductor substrate; and an ohmic metal layer joined to one 
surface (which may be either a carbon surface or a sil- 
icon surface, for example, the carbon surface) of the sil- 

40 jcon carbide semiconductor substrate in an ohmic con- 
tact and composed of a metal material whose silicate 
formation free energy and carbide formation free energy 
respectively take negative values. 
[0013] According to this configuration, the ohmic met- 

45 al layer brought into ohmic contact with the silicon car- 
bide semiconductor substrate is formed using the metal 
material whose silicate formation free energy and car- 
bide formation free energy respectively take negative 
values. The above-mentioned metal material forms a 

so good ohmic junction in an interface to the silicon carbide 
semiconductor substrate by a heat treatment at a rela- 
tively low temperature (which is preferably a tempera- 
ture of not less than the temperature of the silicon car- 
bide semiconductor substrate in a case where the sem- 

55 {conductor device is operated, for example, 300°C to 
500°C). Consequently, the adverse effect on the oper- 
ating characteristics by the heat treatment can be elim- 
inated. 
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[0014] It is preferable that the ohmic metal layer is 
composed of a metal material whose silicate formation 
free energy and carbide formation free energy at a tem- 
perature at the time of a heat treatment for joining the 
ohmic metal layerto a surface of the silicon carbide sem- 
iconductor substrate in an ohmic contact respectively 
take negative values. 

[0015] According to this configuration, the metal ma- 
terial which is a material composing the ohmic metal lay- 
er can form a good ohmic junction because the silicate 
formation free energy and the carbide formation free en- 
ergy of the metal material at the temperature at the time 
of the heat treatment respectively take negative values. 
[0016] Examples of the above-mentioned metal ma- 
terial include at least one metal material selected from 
a group consisting of molybdenum, titanium, chromium, 
manganese, zirconium, tantalum, and tungsten (which 
may be a simple substance or an alloy of two or more 
metal materials in the group). 
[0017] It is preferable that the carrier concentration of 
a semiconductor layer on the side of the one surface of 
the silicon carbide semiconductor substrate is within a 
range of 1 0 17 to 1 0 21 /cm 3 (preferably 1 0 19 to 1 0 21 /cm 3 ). 
[0018] According to this configuration, the carrier con- 
centration of the semiconductor layer brought into con- 
tact with the ohmic metal layer is sufficiently high, so 
that the ohmic metal layer is joined to the surface of the 
silicon carbide semiconductor substrate with a low re- 
sistance. Consequently, a good ohmic junction is 
formed. 

[0019] There may be further provided a multi-layer 
metal structure having the ohmic metal layer, and a met- 
al layer composed of a metal material different from that 
composing the ohmic metal layer and formed on a sur- 
face of the ohmic metal layer. 
[0020] If a metal material having good adhesion to a 
metal wire (a bonding wire) composed of aluminum, 
gold, or the like is used as the above-mentioned other 
metal layer, external connection of the device can be 
satisfactorily carried out. 

[0021] When the semiconductor device is mounted on 
a package provided with an electrode for external con- 
nection (an external electrode), for example, the exter- 
nal electrode and the ohmic metal layer can be satisfac- 
torily connected to each other using a metal wire or a 
lead frame. When the metal wire connected between the 
external electrode and the ohmic metal layer is an alu- 
minum wire, it is preferable that a metal layer composed 
of aluminum (Al), an aluminum-silicon alloy (A1/Si), or 
an aluminum-silicon-copper alloy (Al-Si-Cu) is formed 
in the ohmic metal layer. When the external electrode 
and the ohmic metal layer are directly connected to each 
other, that is, the ohmic metal layer is die-bonded to the 
lead frame, for example, it is preferable that a metal lay- 
er composed of silver (Au) or gold (Ag) is formed on a 
surface of the ohmic metal layer. Consequently, the 
ohmic metal layer can be connected to an external sub- 
strate composed of copper (Cu) wiring formed thereon, 



for example, with good adhesion. 
[0022] Two or more metal layers may be provided on 
the surface of the ohmic metal layer. When the ohmic 
metal layer is a titanium metal layer, for example, a multi- 
s layer metal structure in which a molybdenum metal layer 
is stacked on the titanium metal layer, and an aluminum 
metal layer, an Al-Si alloy metal layer, or the like is 
stacked on the molybdenum metal layer may be used. 
That is, adhesion of aluminum or an Ai-Si alloy to the 
10 titanium metal layer is not so good. However, a good 
adhesive state is obtained in an interface between the 
metal layers by interposing the molybdenum metal layer 
therebetween, thereby making it possible to manufac- 
ture a semiconductor device having high reliability. 
15 [0023] The carrier concentration of a first semicon- 
ductor layer on the side of the one surface (for example, 
the carbon surface) of the silicon carbide semiconductor 
substrate may be higher than the carrier concentration 
of a second semiconductor layer on the side of the other 
surface (for example, the silicon surface) of the silicon 
carbide semiconductor substrate. In this case, there 
may be further provided a Schottky metal layer joined 
to the other surface in a Schottky contact and composed 
of the same material as that composing the ohmic metal 
layer. 

[0024] According to this configuration, a Schottky bar- 
rier diode composed of a SiC semiconductor is ob- 
tained. Metal layers having the same metal material are 
respectively formed on both the surfaces of the silicon 
carbide semiconductor substrate. Therefore, even if one 
of the metal layers is formed after the other metal layer 
is formed, neither of the metal layers is contaminated. 
[0025] Furthermore, the metal material composing 
the ohmic metal layer and the Schottky metal layer is a 
metal material whose silicate formation free energy and 
carbide formation free energy respectively take nega- 
tive values. Accordingly, an ohmic junction can be 
formed by a heat treatment at a relatively low tempera- 
ture. When the heat treatment at a relatively low tem- 
perature is carried out after the ohmic metal layer and 
the Schottky metal layer are formed, therefore, the ohm- 
ic metal layer brought into contact with the first semicon- 
ductor layer having a relatively high carrier concentra- 
tion is satisfactorily joined to the first semiconductor lay- 
er in an ohmic contact, and a good Schottky junction is 
formed between the Schottky metal layer brought into 
contact with the second semiconductor layer having a 
relatively low carrier concentration and the second sem- 
iconductor layer. A Schottky barrier diode having good 
characteristics can be manufactured by a single heat 
treatment at a relatively low temperature. 
[0026] According to experiments conducted by the in- 
ventors of the present application, it has become clear 
that the Schottky barrier diode having the above-men- 
tioned configuration has good breakdown voltage. Fur- 
ther, metal layers composed of the same metal material 
are respectively formed on both the surfaces of the SiC 
semiconductor substrate. Accordingly, heat treatments 
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on both the surfaces of the semiconductor substrate can 
be carried out at onetime, thereby making it possible to 
shorten the manufacturing processes. 
[0027] It is preferable that the carrier concentration of 
the first semiconductor layer is within a range of 1 0 17 to 
10 21 /cm 3 (preferably 10 19 to 102 1 /cm 3 ) . Further, the 
carrier concentration of the second semiconductor layer 
is preferably within a range of 10 14 to 10 16 /cm 3 (prefer- 
ably 10 1 5 to 10 16 /cm 3 ). 

[0028] According to this configuration, the ohmic met- 
al layer satisfactorily joined to the first semiconductor 
layer in an ohmic contact can be formed, and the 
Schottky metal layer satisfactorily joined to the second 
semiconductor layer in a Schottky contact can be 
formed. 

[0029] One mode of a method of manufacturing a 
semiconductor device according to the present inven- 
tion comprises a film forming step for forming a metal 
layer on one surface (which may be either a carbon sur- 
face or a silicon surface, for example, the carbon sur- 
face) of a silicon carbide semiconductor substrate; and 
a heat-treating step for subjecting the metal layer to a 
heat treatment in a temperature range of 300°C to 
500°C afterthe film forming step, to form an ohmic junc- 
tion between the metal layer and the one surface of the 
silicon carbide semiconductor substrate. The film form- 
ing step comprises the step of forming the metal layer 
brought into contact with the silicon carbide semicon- 
ductor substrate using a metal material whose silicate 
formation free energy and carbide formation free energy 
at the temperature of the silicon carbide semiconductor 
substrate in the heat-treating step respectively take neg- 
ative values. 

[0030] According to the present invention, the metal 
layer (ohmic metal layer) joined to the surface of the sil- 
icon carbide semiconductor substrate in an ohmic con- 
tact can be formed by the heat treatment in a tempera- 
ture range of relatively low temperatures (which are 
preferably not less than the temperature of the silicon 
carbide semiconductor substrate in a case where the 
semiconductor device is operated, for example, 300°C 
to 500°C) . Consequently, asilicon carbide semiconduc- 
tor device having good characteristics can be manufac- 
tured. 

[0031] It is preferable that the film forming step com- 
prises the step of forming the metal layer brought into 
contact with the silicon carbide semiconductor substrate 
using at least one metal material selected from a group 
consisting of molybdenum, titanium, chromium, manga- 
nese, zirconium, tantalum, and tungsten. 
[0032] The silicate formation free energy and the car- 
bide formation free energy of the metal material respec- 
tively take negative values. Accordingly, a metal layer 
satisfactorily joined to the silicon carbide semiconductor 
substrate in an ohmic contact can be formed by the heat 
treatment at a low temperature. 
[0033] Another mode of the present invention relates 
to a method of manufacturing a semiconductor device 



using asilicon carbide semiconductor substrate in which 
the carrier concentration of a first semiconductor layer 
on the side of its one surface is higher than the carrier 
concentration of a second semiconductor layer on the 
5 side of the other surface. This method comprises a first 
film forming step for forming a first metal layer brought 
into contact with the first semiconductor layer in the sil- 
icon carbide semiconductor substrate; a second film 
forming step for forming a second metal layer brought 
10 into contact with the second semiconductor layer in the 
silicon carbide semiconductor substrate and composed 
of the same metal material as that composing the first 
metal layer; a heat-treating step for simultaneously 
heat-treating the first metal layer and the second metal 
layer at a predetermined temperature after the first film 
forming step and the second film forming step, to form 
an ohmic junction between the first metal layer and the 
first semiconductor layer as well as to form a Schottky 
junction between the second metal layer and the second 
semiconductor layer. The first and second film forming 
steps comprise the steps of respectively forming the first 
and second metal layers brought into contact with the 
silicon carbide semiconductor substrate using a metal 
material whose silicate formation free energy and car- 
bide formation free energy at the temperature of the sil- 
icon carbide semiconductor substrate in the heat-treat- 
ing step respectively take negative values. 
[0034] When the second metal layer must be pat- 
terned, the first metal layer may be formed afterthe sec- 
ond metal layer is formed. 

[0035] According to this method, the Schottky barrier 
diode using the silicon carbide semiconductor substrate 
can be manufactured. In this case, at a single heat treat- 
ment, the first metal layer can be joined to the silicon 
carbide semiconductor substrate in an ohmic contact in 
the first semiconductor layer having a relatively high car- 
rier concentration, and the second metal layer can be 
joined thereto in a Schottky contact on the surface of the 
second semiconductor layer having a relatively low car- 
rier concentration. Heat treatments for respectively 
forming the ohmic metal layer and the Schottky metal 
layer can be simultaneously carried out, thereby making 
it possible to shorten the manufacturing processes. 
[0036] It is preferable that the heat-treating step is the 
step of carrying out the heat treatment within a temper- 
ature range of 300°C to 500°C. 
[0037] According to this method, the heat treatment 
is performed in a low temperature range of 300°C to 
500°C. Therefore, device characteristics are not de- 
graded by the heat treatment. 
[0038] When the heat treatment is carried out at a 
temperature of not more than 300° C, a good ohmic junc- 
tion may not be formed. Further, a time period required 
for the heat treatment is lengthened. Accordingly, a time 
period required for the manufacturing processes is 
lengthened, thereby reducing the manufacturing effi- 
ciency. On the other hand, when the heat treatment is 
carried out at a temperature of not less than 500°C, an 
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interface to be a Schottky junction may undesirably be- 
come an ohmic junction. If the heat treatment is carried 
out within a temperature range of 300°C to 500°C, the 
time period required for the manufacturing processes 
may not be lengthened. Further, a good ohmic junction 
and a Schottky junction can be formed. 
[0039] It is preferable that the first and second film 
forming steps comprise the steps of respectively form- 
ing the first and second metal layers brought into contact 
with the silicon carbide semiconductor substrate using 
at least one metal material selected from a group con- 
sisting of molybdenum, titanium, chromium, manga- 
nese, zirconium, tantalum, and tungsten. 
[0040] The silicate formation free energy and the car- 
bide formation free energy of the above-mentioned met- 
al respectively take negative values. By the above-men- 
tioned heat treatment at a low temperature, therefore, 
the first metal layer can be satisfactorily joined to the 
first semiconductor layer in an ohmic contact, and the 
second metal layer can be satisfactorily joined to the 
second semiconductor layer in a Schottky contact. 
[0041] The upper limit of a temperature at which the 
Schottky junction in an interface between the silicon car- 
bide semiconductor substrate and the above-mentioned 
metal layer formed in contact therewith is changed to an 
ohmic junction is approximately 500°C. Accordingly, it 
is preferable that the heat-treating step is carried out 
within a temperature range of 350°C and 450°C. This 
eliminates the possibility that the operating characteris- 
tics of the semiconductor device are affected by the heat 
treatment temperature during the manufacturing proc- 
esses, thereby making it possible to improve manufac- 
turing yields. 

[0042] It is preferable that the film forming step for 
forming on the first metal layer another metal layer com- 
posed of a metal material different from the metal ma- 
terial composing the first metal layer is carried out after 
the first film forming step, and the film forming step for 
forming on the second metal layer another metal layer 
composed of a metal material different from the metal 
material composing the second metal layer is carried out 
after the second film forming step, and the heat-treating 
step is carried out after the other metal layers are re- 
spectively formed on the first metal layer and the second 
metal layer. 

[0043] Therefore, the multi-layer metal structure on 
the side of the first metal layer and the mufti-layer metal 
structure on the side of the second metal layer can be 
together heat-treated. By the heat treatments, an ohmic 
junction is formed in the interface between the first metal 
layer and the silicon carbide semiconductor substrate, 
and a Schottky junction is formed in the interface be- 
tween the second metal layer and the surface of the sil- 
icon carbide semiconductor substrate. In addition, ad- 
hesion in the interface between the fist metal layer and 
the other metal layer on the surface thereof and the in- 
terface between the second metal layer and the other 
metal layer on the surface thereof can be also en- 



hanced. 

[0044] The foregoing and other objects, features, as- 
pects and advantages of the present invention will be- 
come more apparent from the following detailed de- 
5 scription of the present invention when taken in conjunc- 
tion with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 [0045] 

Fig. 1 is a cross-sectional view schematically show- 
ing the configuration of a semiconductor device ac- 
cording to an embodiment of the present invention; 
is Figs. 2 (a) to 2 (f) are diagrams schematically show- 
ing the steps of manufacturing a Schottky barrier 
diode according to an embodiment of the present 
invention; 

Fig. 3 is a flow chart showing the steps of manufac- 
20 turing a Schottky barrier diode according to an em- 
bodiment of the present invention; 
Fig. 4 is a diagram showing a silicate formation free 
energy; 

Fig. 5 is a diagram showing a carbide formation free 
25 energy; 

Fig. 6 is a diagram showing the forward voltage-for- 
ward current characteristics of a Schottky barrier di- 
ode; 

Fig. 7 is a diagram showing the on-resistance char- 
so acteristics of a Schottky barrier diode; 

Fig. 8 is a schematic cross-sectional view showing 
an example of the configuration of a Schottky bar- 
rier diode in which titanium metal layers are respec- 
tively formed on both surfaces of a silicon carbide 
35 semiconductor substrate; 

Figs. 9 (a) to 9 (e) are diagram schematically show- 
ing the steps of manufacturing a conventional 
Schottky barrier diode; and 
Fig. 10 is a flow chart showing the steps of manu- 
40 facturing a conventional Schottky barrier diode. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

45 [0046] Fig. 1 is a cross-sectional view schematically 
showing the configuration of a semiconductor device ac- 
cording to an embodiment of the present invention. The 
semiconductor device is a Schottky barrier diode, for ex- 
ample. An example of a semiconductor substrate is an 

so N-type SiC semiconductor substrate (e.g., a 4H-SiC epi- 
wafer) 1 having a surface orientation of {0001} and hav- 
ing an off angle of 8°. An edge termination 1 5 is formed, 
in the SiC semiconductor substrate 1 , by boron implan- 
tation and annealing at a relatively low temperature (ap- 

55 proximately 1000°C). 

[0047] One surface of the SiC semiconductor sub- 
strate 1 is a silicon surface 11, and the other surface 
thereof is a carbon surface 12. 



25 



30 



35 



5 



9 



EP 1 349 202 A2 



10 



[0048] An N-type SIC semiconductor epitaxial layer 
10 having a thickness of approximately 10jim and hav- 
ing a carrier concentration of 4.0 x 10 15 /cm 3 to 8.0 x 
10 15 /cm 3 is formed on the silicon surface 11. Conse- 
quently, the carrier concentration in the SiC semicon- 
ductor substrate 1 on the side of the silicon surface 11 
is relatively lower than that on the side of the carbon 
surface 1 2, and the carrier concentration in the SiC sem- 
iconductor substrate 1 on the side of the carbon surface 
12 is relatively higher than that on the side of the silicon 
surface 1 1 . Specifically, the carrier concentration on the 
side of the silicon surface 11 is within a range of 10 15 to 
10 16 /cm 3 , and the carrier concentration on the side of 
the carbon surface 12 is within a range of 10 18 to 10 19 / 
cm 3 . 

[0049] Asurface molybdenum metal Iayer3 is formed 
on the silicon surface 1 1 , The surface molybdenum met- 
al layer 3 coats a predetermined region (a region sur- 
rounded by the edge termination 15) of the silicon sur- 
face 11 , and a Schottky junction is formed in an interface 
between the surface molybdenum metal layer 3 and the 
silicon surface 11 in contact with the surface molybde- 
num metal layer 3. 

[0050] A surface metal layer 5 formed of a metal other 
than a molybdenum metal is formed as a surface elec- 
trode on asurface of the molybdenum metal layer 3. The 
surface metal layer 5 is formed of a metal having good 
adhesion to the surface molybdenum metal layer 3. 
[0051] When an aluminum (Al) wire extending from an 
external electrode and the surface molybdenum metal 
layer 3 are wire-bonded to each other, for example, it is 
preferable that the surface metal layer 5 is formed of 
aluminum (Al), an aluminum-silicon alloy (Al - Si), an alu- 
minum-siiicon-copper alloy (Al - Si - Cu) , or the like (a 
metal having good adhesion to aluminum) . Conse- 
quently, the surface molybdenum metal layer 3 and the 
Al wire are electrically connected to each other satisfac- 
torily through the surface metal layer 5. 
[0052] On the other hand, a reverse surface molyb- 
denum metal layer 2 is formed on the carbon surface 
12. The reverse surface molybdenum metal layer 2 
coats the overall carbon surface 1 2, and an ohmic junc- 
tion is formed in an interface between the reverse sur- 
face molybdenum metal layer 2 and the carbon surface 
12 in contact with the reverse surface molybdenum met- 
al layer 2. 

[0053] A reverse surface metal layer 4 formed of a 
metal other than a molybdenum metal is formed as a 
reverse surface electrode on a surface of the reverse 
surface molybdenum metal layer 2. The reverse surface 
metal layer 4 is formed of a metal having good adhesion 
to the reverse surface molybdenum metal layer 2. 
[0054] When copper (Cu) wiring formed on a wiring 
board and the reverse surface molybdenum metal layer 
2 are connected to each other, for example, it is prefer- 
able that the reverse surface metal layer 4 is formed of 
gold (Au) , silver (Ag) , or the like (a metal having good 
adhesion to copper). Consequently, the reverse surface 



molybdenum metal layer 2 and the Cu wiring are elec- 
trically connected to each other satisfactorily through 
the reverse surface metal layer 4. 
[0055] Figs. 2 (a) to 2 (f) are schematic cross-section- 

5 al views showing the steps of manufacturing the 
Schottky barrier diode having the above-mentioned 
configuration, and Fig. 3 is a flow chart showing the 
steps of manufacturing the Schottky barrier diode. 
[0056] As shown in Fig. 2 (a), a silicon surface 11 of 

10 a SiC semiconductor substrate 1 having an epitaxial lay- 
er 1 0 formed on the silicon surface 1 1 (in which an edge 
termination 1 5 has already been formed) is subjected to 
acid cleaning such as RCA cleaning, and is then sub- 
jected to dilute hydrofluoric acid cleaning, to form a sur- 
fs face molybdenum metal layer 3 (step S1 in Fig. 3). The 
surface molybdenum metal layer 3 is formed using a 
sputtering method carried out by causing argon ions to 
collide with a molybdenum target The degree of vacu- 
um in a sputter chamber in which argon gas has not 

20 been introduced yet is 1 0 -3 to 1 0" 4 Pa, for example. 
[0057] When the film formation processing of the sur- 
face molybdenum metal layer 3 is terminated, a metal 
layer composed of a metal other than molybdenum is 
formed on a surface of the surface molybdenum metal 

25 layer 3 using a sputtering method (step S2), as shown 
in Fig. 2 (b), to form a surface metal layer 5. The surface 
metal layers is formed by so-called continuous sputter- 
ing processing performed in a processing chamber 
where the surface molybdenum metal layer 3 is formed 

30 (step S1 by replacing the target with the inside of the 
chamber kept in a high vacuum state without being 
brought into an atmospheric state. At this time, l-V char- 
acteristics must be degraded (a forward rise voltage V F 
is increased, for example) if the inside of the chamber 

35 is brought into an atmospheric state once without per- 
forming continuous sputtering. 
[0058] In order to pattern the surface molybdenum 
metal layer 3 and the surface metal layer 5, as shown 
in Fig. 2 (c), photolithographic processing is then per- 

40 formed by application of a resist 6 and exposure 
processing (step 3 in Fig. 3). After the photolithographic 
processing is terminated, the surface molybdenum met- 
al layer 3 and the surface metal layer 5 are patterned in 
a region surrounded by the edge termination 1 5 by being 

45 etched together using the resist 6 as a mask (step S4), 
as shown in Fig. 2 (d). Thereafter, the resist 6 is re- 
moved. 

[0059] Thereafter, after the dilute hydrofluoric acid 
cleaning, a reverse surface molybdenum metal layer 2 

50 is formed on the carbon surface 12 of the SiC semicon- 
ductor substrate 1 by a sputtering method (step S5), as 
shown in Fig. 2 (e). At this time, it is preferable that be- 
fore a forward voltage at the time of the sputtering is 
applied, reverse sputtering for applying a reverse voit- 

55 age is performed such that an interface between the re- 
verse surface molybdenum metal layer 2 and the carbon 
surface 12 form a good ohmic junction. Consequently, 
the argon ions are irradiated onto the carbon surface 12 
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of the SiC semiconductor substrate 1 , thereby removing 
an undesirable oxide film on the carbon surface 12. 
[0060] When the film formation processing of the re- 
verse surface molybdenum metal layer 2 is terminated, 
a metal layer composed of a metal other than molybde- 
num is formed on a surface of the reverse surface mo- 
lybdenum metal layer 2 using a sputtering method (step 
S6), as shown in Fig. 2 (f), to form a reverse surface 
metal layer 4. The reverse surface metal layer 4 is 
formed by so-called continuous sputtering processing 
performed in a processing chamber where the reverse 
surface molybdenum metal layer 2 is formed (step S5) 
by replacing the target with the inside of the chamber 
kept in a high vacuum state without being brought into 
an atmospheric state. At this time, l-V characteristics 
must be degraded (a forward rise voltage V F is in- 
creased, for example) if the inside of the chamber is 
brought into an atmospheric state once without perform- 
ing continuous sputtering. 

[0061] In such a way, the surface molybdenum metal 
layer 3 and the surface metal layer 5 are stacked on the 
silicon surface 11 of the SiC semiconductor substrate 1 , 
and the reverse surface moiybdenum metal layer 2 and 
the reverse surface metal layer 4 are stacked on the car- 
bon surface 12 of the SiC semiconductor substrate 1 , 
after which a heat treatment is performed at 400°C for 
twenty minutes, for example (step S7) . By a single heat 
treatment, a good Schottky junction is formed in the in- 
terface between the silicon surface 11 and the surface 
molybdenum metal layer 3 formed on the silicon surface 
11, and adhesion in the interface between the surface 
moiybdenum metal layer 3 and the surface metal layer 
5 is strengthened. At the same time, a good ohmic junc- 
tion is formed in the interface between the carbon sur- 
face 1 2 and the reverse surface molybdenum metal lay- 
er 2 formed on the carbon surface 12, and adhesion in 
the interface between the reverse surface moiybdenum 
metal layer 2 and the reverse surface metal layer 4 is 
strengthened. 

[0062] That is, a metal joined to the silicon surface 1 1 
in a Schottky contact and a metal joined to the carbon 
surface 12 in an ohmic contact are both made of molyb- 
denum, thereby making it possible to together heat-treat 
the two molybdenum metal layers 2 and 3 and the two 
metal layers 4 and 5. Consequently, the manufacturing 
processes for the Schottky barrier diode can be signifi- 
cantly shortened. 

[0063] The heat treatment temperature is within a 
temperature range of 300°C and 500°C (e.g., 350 °C to 
450 °C). Consequently, a temperature much lower than 
a heat treatment temperature of 1000°C conventionally 
required when an Ni metal layer has been used is suf- 
ficient to carry out the heat treatment. Therefore, the op- 
erating characteristics of the Schottky barrier diode may 
not be adversely affected by the heat treatment temper- 
ature during the manufacturing processes, thereby 
making it possible to improve manufacturing yields. 
[0064] If the heat treatment is carried out at a temper- 



ature of not more than 300°C, for example, a good ohm- 
ic junction cannot be formed in the interface between 
the carbon surface 12 and the reverse surface molyb- 
denum metal layer 2 formed in contact with the carbon 

5 surface 1 2, and a time period required for the manufac- 
turing processes is further lengthened, thereby reducing 
the manufacturing efficiency. If the heat treatment is car- 
ried out at a temperature of not less than 500°C, a 
Schottky junction in the interface between the silicon 

10 surface 11 and the surface molybdenum metal layer 3 
formed in contact with the silicon surface 11 is changed 
to an ohmic junction. If the heat treatment is carried out 
within a temperature range of 300°C to 500°C, a time 
period required for the manufacturing processes may 

15 not be lengthened, and it is also possible to form a good 
ohmic junction in the interface between the carbon sur- 
face 1 2 and the reverse surface molybdenum metal lay- 
er 2 formed in contact with the carbon surface 12. At the 
same time, a good Schottky junction can be formed in 

20 the interface between the silicon surface 1 1 and the sur- 
face molybdenum metal layer 3 formed in contact with 
the silicon surface 11. 

[0065] The upper limit of a temperature at which the 
Schottky junction in the interface between the silicon 
25 surface 11 and the surface molybdenum metal layer 3 
formed in contact with the silicon surface 1 1 is changed 
to an ohmic junction is 500°C. Accordingly, it is prefer- 
able that the heat-treating step is carried out within a 
temperature range of 350°C and 450°C. 
so [0066] The Schottky barrier diode thus manufactured 
has good operating characteristics with a reverse break- 
down voltage of 600V to 1 000V, and a forward rise volt- 
age of 1 .3 V/1 A. Consequently, a Schottky barrier diode 
which sufficiently stands practical use can be manufac- 
35 tured although the manufacturing processes are short- 
ened by using the molybdenum metal layers 2 and 3 in 
common for both surfaces of the SiC semiconductor 
substrate 1 . 

[0067] A Schottky barrier diode having substantially 
40 the same characteristics can be also obtained by using 
titanium (Tl), chromium (Cr), manganese (Mn), zirconi- 
um (Zr), tantalum (Ta), or tungsten (W), or an alloy of 
two or more metals selected therefrom in common as a 
material for the metal layers 2 and 3 for forming an ohmic 
45 junction and a Schottky junction in place of molybdenum 
(Mo) . Although the same is true for the case of molyb- 
denum, the above-mentioned metals react with SiC in 
conformity with the following reaction formula: 

50 

SiC + M->M x Si y 4-M m C n 

where M indicates a metal, and x, y, m, and n are 
natural numbers. 
55 [0068] That is, the above-mentioned metals react with 
both Si and C in SiC. As a result, an ohmic junction is 
easy to form in an interface between the metal and SiC. 
[0069] Contrary to this, metals such as iron (Fe), nick- 
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el (Ni), copper (Cu), and lead (Pb) react with only C in 
SIC, as expressed by the following reaction formula: 



SiC+M-*M x Si y + C 



[0070] Furthermore, aluminum (Al) or the like reacts 
with only Si in SiC, as expressed by the following reac- 
tion formula: 



SiC + M -» M m C n + Si 



[0071] That is, the metals such as iron, nickel, copper, 
lead, and aluminum react with either C or Si in SiC. As 
a result, an ohmic junction is difficult to form in an inter- 
face between the metal and SiC. 
[0072] As to molybdenum, titanium, chromium, zirco- 
nium, tantalum, and tungsten, the free energy of forma- 
tion (Gibbs free energy of formation AG) of the silicate 
of each of the metals is less than zero (a negative 
value) , and the free energy of formation of the carbide 
of the metal is also less than zero. The smaller the free 
energy of formation is, the more easily a chemical reac- 
tion for formation occurs. When the free energy of for- 
mation takes a negative value, the chemical reaction 
spontaneously proceeds. On the other hand, when the 
free energy of formation takes a positive value, energy 
must be applied from the exterior in order to advance a 
chemical reaction for forming a product of the metal. 
[0073] Therefore, it can be said that the metals, in the 
above-mentioned group, whose silicate formation free 
energy and carbide formation free energy respectively 
take negative values are materials which easily react 
with both Si and C in SiC to form a good ohmic junction. 
[0074] Fig. 4 is a diagram showing the respective free 
energies of formation of the silicates of molybdenum, 
titanium, and nickel. As can be seen from Fig. 4, all the 
free energies of formation of the silicates of molybde- 
num, titanium, and nickel respectively take negative val- 
ues in a temperature range of 400°C to 1 000°C. 
[0075] Fig. 5 is a diagram showing the respective free 
energies of formation of the carbides of molybdenum, 
titanium, nickel, and aluminum. As can be seen from Fig. 
5, the free energies of formation of the carbides of alu- 
minum, molybdenum, and titanium respectively take 
negative values in a temperature range of 400°C to 
1000°C. Contrary to this, the free energy of formation of 
Ni 3 C which is the carbide of nickel takes a positive value 
in a temperature range of 400°C to 1000°C. From the 
foregoing, it is understood that a good ohmic junction is 
not easily obtained even if a nickel metal film is formed 
on a surface of a SiC semiconductor substrate. 
[0076] Aluminum, which is not illustrated in Fig. 4, 
does not form a silicate by reacting with Si. Therefore, 
the silicate formation free energy takes a value which is 
too large to be illustrated in Fig. 4. If an aluminum metal 
layer is formed on the surface of the SiC semiconductor 



substrate, therefore, no good ohmic junction can be ob- 
tained. 

[0077] In order to form a good ohmic junction on the 
surface of the SiC semiconductor substrate, it is prefer- 

5 able that both the carbide and silicate formation free en- 
ergies are lower. Accordingly, a better ohmic junction 
can be formed in a case where titanium is used, as com- 
pared with that in a case where molybdenum is used. 
[0078] Figs. 4 and 5, described above, are produced 

10 on the basis of the description of a literature entitled by 
Shigeyuki Somiya and Kichizo Inomata "New Material 
Series Silicon Carbide Ceramics", Semiconductor De- 
vice R&D Division, ROHM CO, LTD, published by Uch- 
ida Rokakuho Pub, 15 September 1988, p. 177-1 82. Ac- 

15 cording to the description of the literature, the respective 
free energies of formation of the silicate and the carbide 
of zirconium are lower than those of titanium. Conse- 
quently, it is considered that a better ohmic junction can 
be further formed in a case where zirconium is used, as 

20 compared with that in a case where titanium is used. 
[0079] The inventors of the present application have 
observed the respective interfaces between the silicon 
surface and the carbon surface and the metal layers 2 
and 3 using a transmission electron microscope (TEM) 

25 with respect to the Schottky barrier diode manufactured 
by respectively joining the molybdenum metal layers 2 
and 3 to both the surfaces of the SiC semiconductorsub- 
strate 1 . 

[0080] As a result, it is confirmed that a region having 
30 a thickness of approximately 30A which is considered 
to a paracrystal having a periodic crystalline structure 
maintained on its SiC crystal interface is formed on the 
carbon surface 12. That is, it is confirmed that a molyb- 
denum metal is sufficiently diffused into the surface of 
35 the SiC semiconductor substrate 1 , so that a good ohmic 
junction is obtained. 

[0081] On the other hand, on the silicon surface 11 
side, it is confirmed that an amorphous alloy region hav- 
ing a thickness of approximately 10A is formed in the 
40 interface between the molybdenum metal layer 3 and 
the SiC semiconductor substrate 1 . Consequently, it can 
be said that a good Schottky junction is formed on the 
silicon surface 11. 

[0082] Furthermore, the inventors of the present ap- 
45 plication have analyzed an amorphous alloy region in 
the interface between the silicon surface 1 1 and the mo- 
lybdenum metal layer 3 using energy disperse X-ray 
(EDX). The results of the analysis prove that the amor- 
phous alloy region contains an oxygen atom. 
so [0083] Similarly, the inventors of the present applica- 
tion have analyzed the interface between the carbon 
surface 12 and the molybdenum metal layer 2 by EDX. 
The results of the analysis prove that an oxygen atom 
exists in a SiC/Mo diffusion region where a paracrystal 
55 seems to be formed. 

[0084] It is considered that the reason why an oxygen 
atom also exists in an ohmic junction on the carbon sur- 
face 12 of the SiC semiconductor substrate 1 is that 



8 



15 



EP 1 349 202 A2 



16 



cleaning processing or the like is performed in air. How- 
ever, it is still further confirmed that the Schottky barrier 
diode according to the above-mentioned embodiment 
still has good characteristics. 

[0085] Specifically, Fig. 6 illustrates the relationship of 5 
a forward current l F to a forward voltage V F in the above- 
mentioned Schottky barrier diode. As compared with a 
conventional SIC Schottky barrier diode indicated by a 
curve L1 (Ni is used for an ohmic electrode, and Tl is 
used for a Schottky electrode), the better rise charac- 10 
teristics of the forward current are obtained, as indicated 
by a curve L2, in the SiC Schottky barrier diode accord- 
ing to the above-mentioned embodiment in which the 
molybdenum metal layers 2 and 3 are applied in com- 
mon to the carbon surface 1 2 and the silicon surface 11. 15 
That is, the forward rise voltage V F can be reduced. 
[0086] Furthermore, in a case where a metal layer 
composed of a titanium-molybdenum alloy (Ti - Mo) is 
applied to the carbon surface 1 2 and the silicon surface 
1 1 of the SiC semiconductor substrate 1 , the better for- 20 
ward rise characteristics are obtained, as compared 
with that in the case where the molybdenum metal layer 
is used, as indicated by the curve L3. 
[0087] A curve L0 indicates the characteristics of the 
Schottky barrier diode using the Si semiconductor sub- 25 
strate. 

[0088] Fig. 7 illustrates the on-resistance characteris- 
tics of the SiC Schottky barrier diode. A curve L11 indi- 
cates the limit value of an on-resistance in the silicon 
semiconductor device, and a curve L12 indicates the so 
limit value of an on-resistance in the 4H-SiC semicon- 
ductor device. 

[0089] The Schottky barrier diode according to the 
present embodiment in which the molybdenum metal 
layer is formed on the carbon surface and the silicon ss 
surface of the SiC semiconductor substrate exhibits a 
significantly low on-resistance, as indicated by point P1 . 
If titanium metal layers are respectively applied to both 
surfaces of the SiC semiconductor substrate, it is ex- 
pected that on-resistance characteristics in the vicinity 40 
of region A are obtained. 

[0090] The on-resistance characteristics of a conven- 
tional product (using Ni for an ohmic electrode and using 
Ti for a Schottky electrode) are indicated by point P10. 
[0091] Fig. 8 is a schematic cross-sectional view 45 
showing a structural example in a case where titanium 
metal layers are respectively formed on both surfaces 
of a SiC semiconductor substrate, to produce a Schottky 
barrier diode. In the structural example, molybdenum 
metal layers are respectively formed on surfaces of the so 
titanium metal layers on both surfaces of the SiC semi- 
conductor substrate 1, and an Al-Si alloy layer superior 
in adhesion to an aluminum wire is formed on the mo- 
lybdenum metal layer on the side of a Schottky elec- 
trode. Further, a metal layer composed of gold (Au), sil- 55 
ver (Ag), or a gold-silver alloy (Au-Ag) is formed on the 
molybdenum metal layer on the side of an ohmic elec- 
trode. Accordingly, good die-bonding to a lead frame or 



the like is possible. 

[0092] Although description was made of one embod- 
iment of the present invention, the present invention can 
be embodied in other ways. Although in the above-men- 
tioned embodiment, description has been made of an 
example in which the metal layers composed of molyb- 
denum or the like are respectively formed on both the 
surfaces of the SiC semiconductor substrate to config- 
ure the Schottky barrier diode, the present invention is 
applicable to an arbitrary SiC semiconductor device in 
which an electrode (a source electrode, a drain elec- 
trode, etc.) joined to a surface of the SiC semiconductor 
substrate in an ohmic contact must be provided, for ex- 
ample, a Junction field effect transistor using a SiC sem- 
iconductor substrate, a MOS field effect transistor 
(MOSFET), and an integrated circuit device. 
[0093] Although in the above-mentioned embodi- 
ment, description has been made of an example using 
the N-type SiC semiconductor substrate, a P-type SiC 
semiconductor substrate may be used, in which case a 
SiC semiconductor device such as a Schottky barrier 
diode can be also manufactured. 
[0094] Although in the above-mentioned embodi- 
ment, description has been made of an example in 
which an electrode joined to the silicon surface of the 
SiC semiconductor substrate in a Schottky contact is 
formed, and an electrode joined to the carbon surface 
in an ohmic contact is formed, a Schottky barrier diode 
may be manufactured by making the carrier concentra- 
tion of a semiconductor layer on the side of a silicon sur- 
face higher than the carrier concentration of a semicon- 
ductor layer on the side of a carbon surface to form an 
ohmic electrode on the silicon surface and form a 
Schottky electrode on the carbon surface, 
[0095] Although the present invention has been de- 
scribed and illustrated in detail, it is clearly understood 
that the same is by way of illustration and example only 
and is not to be taken by way of limitation, the spirit and 
scope of the present invention being limited only by the 
terms of the appended claims. 
[0096] This application corresponds to Japanese Pat- 
ent Application Serial Nos. 2002-92530 and 
2002-335414 respectively filed with the Japanese Pat- 
ent Office on March 28, 2002 and November 19, 2002, 
the disclosures of which are incorporated herein by ref- 
erence. 



Claims 

1 . A semiconductor device, comprising: 

a silicon carbide semiconductor substrate (1); 
and 

an ohmic metal layer (2) joined to one surface 
of the silicon carbide semiconductor substrate 
(1 ) in an ohmic contact and composed of a met- 
al material, 
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characterized in that the metal material's sil- 
icate formation free energy and carbide formation 
free energy respectively take negative values. 

2. The device of claim 1 , characterized in that s 

the ohmic metal layer (2) is composed of a 
metal material whose silicate formation free energy 
and carbide formation free energy at a temperature 
at a time of a heat treatment for joining the ohmic 
metal layer (2) to the surface of the silicon carbide 10 
semiconductor substrate (1 ) in an ohmic contact re- 
spectively take negative values. 

3. The device of claim 1 or 2, characterized in that 

the ohmic metal layer (2) is composed of at 15 
least one metal material selected from a group con- 
sisting of molybdenum, titanium, chromium, man- 
ganese, zirconium, tantalum, and tungsten. 



a film forming step (S5) for forming a metal layer 
(2) on one surface of a silicon carbide semicon- 
ductor substrate (1); and 
a heat-treating step (S7) for subjecting the met- 
al layer (2) to a heat treatment in a temperature 
range of 300°C to 500°C after the film forming 
step, to form an ohmic junction between the 
metal layer (2) and the one surface of the silicon 
carbide semiconductor substrate (1), 
the film forming step (S5) including the step of 
forming the metal layer (2) brought into contact 
with the silicon carbide semiconductor sub- 
strate (1 ) using a metal material whose silicate 
formation free energy and carbide formation 
free energy at the temperature of the silicon 
carbide semiconductor substrate (1) in the 
heat-treating step respectively take negative 
values. 



4. The device of any of claims 1 to 3, characterized 
inthat 

the carrier concentration of a semiconductor 
layer (1 ) on the side of the one surface of the silicon 
carbide semiconductor substrate (1) is within a 
range of 10 17 to 10 21 /cm 3 . 

5. The device of any of claims 1 to 4, characterized by 

a multi-layer metal structure (2, 4) in which an- 
other metal layer (4) composed of a metal material 
different from that composing the ohmic metal layer 
(2) is formed on a surface of the ohmic metal layer 
(2). 

6. The device of any of claims 1 to 5, characterized 
in that the carrier concentration of a first semicon- 
ductor layer (1) on the side of the one surface of the 
silicon carbide semiconductor substrate (1) is high- 
er than the carrier concentration of a second semi- 
conductor layer (1 0) on the side of the other surface 
of the silicon carbide semiconductor substrate (1), 
further comprising 

a Schottky metal layer (3) joined to the other 
surface of the silicon carbide semiconductor sub- 
strate (1) in a Schottky contact and composed of 
the same material as that composing the ohmic 
metal layer (2). 

7. The device of claim 6, characterized in that 

the carrier concentration of the first semicon- 
ductor layer (1) is within a range of 10 17 to 10 21 / 
cm 3 , and 

the carrier concentration of the second semi- 
conductor layer (10) is within a range of 10 14 to 
1016/cm 3 . 

8. A method of manufacturing a semiconductor de- 
vice, comprising: 



20 9. The method according to claim 8, wherein 

the film forming step (S5) includes the step of 
forming the metal layer (2) brought into contact with 
the silicon carbide semiconductor substrate (1) us- 
ing at least one metal material selected from a 

25 group consisting of molybdenum, titanium, chromi- 
um, manganese, zirconium, tantalum, and tung- 
sten. 

10. A method of manufacturing a semiconductor device 
30 using a silicon carbide semiconductor substrate (1 ) 
in which carrier concentration of a first semiconduc- 
tor layer (1) on a side of its one surface is higher 
than carrier concentration of a second semiconduc- 
tor layer (1 0) on a side of the other surface, com- 
35 prising: 

a first film forming step (S5) for forming a first 
metal layer (2) brought into contact with the first 
semiconductor layer (1) in the silicon carbide 
semiconductor substrate (1); 
a second film forming step (S1) for forming a 
second metal layer (3) brought into contact with 
the second semiconductor layer (1 0) in the sil- 
icon carbide semiconductor substrate (1) and 
composed of the same metal material as that 
composing the first metal layer (2); and 
a heat-treating step (S7) for simultaneously 
heat-treating the first metal layer (2) and the 
second metal layer (3) at a predetermined tem- 
perature after the first film forming step (S5) 
and the second film forming step (S1), to form 
an ohmic junction between the first metal layer 
(2) and the first semiconductor layer (1 ) as well 
as to form a Schottky junction between the sec- 
ond metal layer (2) and the second semicon- 
ductor layer (10), 

the first and second film forming steps (S5, S1 
including the steps of respectively forming the 
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first and second metal layers (2, 3) brought into 
contact with the silicon carbide semiconductor 
substrate (1) using a metal material whose sil- 
icate formation free energy and carbide forma- 
tion free energy at the temperature of the silicon 5 
carbide semiconductor substrate (1) in the 
heat-treating step respectively take negative 
values. 

11. The method according to claim 1 0, wherein io 

the heat-treating step (S7) is the step of car- 
rying out the heat treatment in a temperature range 
of 300°C to 500°C. 

12. The method according to claim 1 0 or 11 , wherein 15 

the first and second film forming steps (S5, 
S1) include the steps of respectively forming the 
first and second metal layers (2, 3) brought into con- 
tact with the silicon carbide semiconductor sub- 
strate (1 ) using at least one metal material selected 20 
from a group consisting of molybdenum; titanium, 
chromium, manganese, zirconium, tantalum, and 
tungsten. 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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FIG. 6 



10000 



Ti/SiC/Ni 
-• Mo/SiC/Mo 

Ti-Mo/SiC/Ti-Mo 




0.20 0.40 0,60 0.80 1.00 1.20 1.40 1.60 
V F (V) 



17 



EP 1 349 202 A2 




18 



EP 1 349 202 A2 



FIG. 8 
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FIG. 1 0 
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